Summary. Nucleotide sequence comparison of the L gene of the Malaysian neurotropic-viscerotropic velogenic NDV strain AF2240 with other NDV strains revealed a single nucleotide insertion at position 3870. This mutation is compensated by a nucleotide deletion downstream at position 3958 which results in two forms of the L proteins containing a 30-amino acid substitution in Domain V. This compensatory mutation does not correlate with the pathogenicity of the viral strains but it may affect the viral replication as Domain V is believed to play an important role in the replication of paramyxoviruses. * Newcastle disease virus (NDV) is an economically important virus that causes a fatal disease in chicken with a devastating effect on commercial poultry production worldwide [14] . The virus is grouped in the genus Avulavirus and family Paramyxoviridae [7] . It has a single stranded negative-sense RNA genome which contains six major genes encoding six structural proteins; nucleocapsid (NP), phospho (P), matrix (M), fusion (F), haemagglutinin-neuraminidase (HN) and large (L) proteins [17] . The viral genome is approximately 15 kb of which 8.5 kb comprises the first five genes and the remaining 6.5 kb contains the L gene [16] that encodes the L
Summary. Nucleotide sequence comparison of the L gene of the Malaysian neurotropic-viscerotropic velogenic NDV strain AF2240 with other NDV strains revealed a single nucleotide insertion at position 3870. This mutation is compensated by a nucleotide deletion downstream at position 3958 which results in two forms of the L proteins containing a 30-amino acid substitution in Domain V. This compensatory mutation does not correlate with the pathogenicity of the viral strains but it may affect the viral replication as Domain V is believed to play an important role in the replication of paramyxoviruses. * Newcastle disease virus (NDV) is an economically important virus that causes a fatal disease in chicken with a devastating effect on commercial poultry production worldwide [14] . The virus is grouped in the genus Avulavirus and family Paramyxoviridae [7] . It has a single stranded negative-sense RNA genome which contains six major genes encoding six structural proteins; nucleocapsid (NP), phospho (P), matrix (M), fusion (F), haemagglutinin-neuraminidase (HN) and large (L) proteins [17] . The viral genome is approximately 15 kb of which 8.5 kb comprises the first five genes and the remaining 6.5 kb contains the L gene [16] that encodes the L protein with a molecular weight of approximately 250 kDa [6] . The L protein is believed to be responsible for all of the catalytic activities of the viral polymerase associated with transcription, including initiation and elongation of transcripts, as well as cotranscriptional modification of RNAs such as capping, methylation, and polyadenylation. In addition, the function of the RNA polymerase is dictated by the start, stop and restart template's cis signals at the borders of each transcription unit [1, 13] . This paper describes the determination and analysis of the L gene sequence of NDV strain AF2240, a Malaysian neurotropic-viscerotropic velogenic strain which is often used as the challenge virus in vaccine trials. The amino acid sequences of the L protein of the strain AF2240 was compared with the published sequences of other strains including Beaudette C, LaSota, B1, B1 Takaaki, clone 30, F48E9 and ZJ1.
NDV strain AF2240 was propagated and harvested as described [15] . Viral RNA was extracted with the Trizol LS reagent (Gibco BRL, U.S.A.). The L gene was divided into 10 overlapping fragments which were amplified by the Access RT-PCR kit (Promega, U.S.A.). The primers used were designed based on the homology between NDV strains LaSota, B1 and Beaudette C as described in Kusumaningtyas [5] . The PCR products were then cloned into pGEM-T Easy vector system I (Promega, U.S.A.) and introduced into competent E. coli TOP 10 (Invitrogen, U.S.A.). The transformants were screened on Luria Bertani agar supplemented with ampicillin (100 µg/ml), IPTG (0.5 mM) and X-Gal (80 µg/ml). The recombinant plasmids were screened by PCR and verified by restriction enzyme digestion.
Plasmid extraction was carried out using the Qiagen Plasmid Purification Kit (Qiagen, Germany). Sequencing was performed using an automated sequencer (ABI PRISM.3100 Genetic Analyzer). Sequencing data from all of the DNA fragments were joined and compared with other strains using the Clustalw Biology workbench (http://workbench.sdsc.edu). The predicted protein sequence of the L gene was generated using the ExPASy tool analysis (http://expasy.hcuge.ch/www/ dna.html). The ORF finder was used to search for an open reading frame (ORF) of the L protein from NDV AF2240 (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Hydropathy profile was generated and displayed graphically using the KyteDoolittle Hydropathy Profile (http://expasy.hcuge.ch/www/dna.html). Phylogenetic analysis was done using the Biology Workbench Alignment Tool Analysis (http://workbench.sdsc.edu).
A comparison of the L gene sequence of NDV strain AF2240 (GenBank accession no AY262106) with those of strains Beaudette C (X05399), LaSota (AF077761), B1 (AF309418), B1 Takaaki (AF375823), clone 30 (Y18898), F48E9 (AY049766) and ZJ1 (AF431744) revealed that they all had the same number of nucleotides (6704). Amino acid sequence analysis showed that they share more than 90% homology: Beaudette C (93%); LaSota (92%); B1 (92%); B1 Takaaki (92%); Clone 30 (93%); F48E9 (94%); and ZJ1 (93%).
Nucleotide sequence comparison of NDV strain AF2240 and the above strains also revealed that they can be divided into 2 groups based on the presence or absence of an insertion at nucleotide position with respect to the L gene sequence of Beaudette C [16] . Figure 1A shows a purine (G) nucleotide insertion at position 3870 of strains AF2240, B1 Takaaki, Clone 30 and F48E9. A similar observation was made by Romer-Oberdorfer et al. [11] on Clone 30, LaSota and Komarov. However, this frameshift mutation is compensated by a nucleotide deletion (G or T) downstream at position 3958 in all of these strains. As shown in Fig. 1B , NDV strain AF2240, which has similar amino acid sequence with B1 Takaaki, Clone 30 and F48E9, can be placed in one group while B1, La Sota, Beaudette C and ZJ1 are placed in other group.
This difference takes place in Domain V which contains the conserved motif MWFINRV (from positions 1310 to 1316) common to member of Mononegavirales [10] . Domain V has been proposed to play an important role in transcription and thermosensitivity of isolates of Vesicular stomatitis virus and the replication of Sendai virus [2, 3] . Site directed mutagenesis across Domain V (amino acids 1129-1378) of the Sendai virus isolates showed that majority of the mutants could synthesize mRNA, but not the genomic RNA in vitro. Thus, this difference in the amino acid sequence within Domain V may also affect the replication process of NDV. In addition, Park [9] suggested that the conserved region in Domain V is located between two independently folding halves of the L protein. Therefore, the difference between these sequences may correlate with the L protein folding which will subsequently influence the protein conformation. The change in structure may be related with the function of the L protein in the viral replication. It is possible that this compensatory frameshift mutation is able to restore the fitness of the L protein during an adaptation process in the environment.
This compensatory mutation in NDV AF2240 has changed the hydrophobicity and charge of the L protein. The polarity of the amino acid residues in this region, between positions 1287 to 1316, may affect the stability of the protein and consequently affects the function of the L protein. Figure 2 shows the hydropathy profile of the two different regions. The graphs indicate that the region from amino acids at positions 1292 to 1312 in Beaudette C contains hydrophobic amino acids ( Fig. 2A) while AF2240 contains hydrophilic residues (Fig. 2B) . The hydrophobic residues tend to form cluster and are normally buried in the internal part of the folded protein. Therefore, it is believed that these amino acids of group A may be buried inside whilst those of group B are exposed on the surface of the protein.
The estimated pI of the 30-amino acid substituted region for Beaudette C is 10.02 while AF2240 is 4.83. Despite the large difference in the pI of this region, it does not significantly affect the pI value of the whole protein of these two strains: Beaudette C, pI = 7.0; AF2240, pI = 6.85. This suggests that the two forms of L protein may possess the same net charge at a particular pH. In addition, secondary structural analysis of the L protein sequences revealed that some differences of the amino acid residues took place in the coil and helix regions (positions 1287 to 1316). As these coil regions are responsible in protein folding, it is likely that the L proteins in groups A and B may have folded differently. A consequence of this may be that the contact sites with other interacting molecules [8] involved in transcription may be affected. However, this has yet to be proven by using specific monoclonal antibodies against this region to detect any significant structural changes.
Interestingly, the conserved motif (at positions 1310-1316) in strain AF2240 (NVVYQQI) is more similar with that of Sendai virus (NLVYQQI; at positions 1341-1347) than Beaudette C (MWFINRV; at positions 1310-1316). If this conserved motif plays a specific function, the process related with this function in NDV strain AF2240 may be more similar with Sendai virus than with Beaudette C. Phylogenetic analysis of the L proteins showed that AF2240 is closest to ZJ1 [5] although they belong to different groups based on the frameshift mutation grouping (Fig. 1) . This frameshift does not significantly affect the phylogeny because the residues involved only constitute 1.36% of the whole L protein. Thus it is more practical to look at the functions and activities of the two forms of L protein because the changes took place in a highly conserved domain V.
In conclusion, we have identified a compensatory frameshift mutation in the L proteins of NDV that changes not only the hydrophobicity but also the charge of amino acids. The NDV strains can be divided into two groups based on the different forms of their L protein. This difference is not correlated to pathogenicity because each group contains virulent and avirulent strains. Further research on this region will be useful to gain better understanding about the structure and function of the L protein of NDV.
